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Keratome slices of d omestic pig skin were used to 
study the DNA synthesis phase of epid ermal cell DNA 
synthesis. 
Cyclic AMP and agents w hich e levate int r acellular 
con centrations of cyclic AMP h ave no direct effect on th e 
"S" phase of DNA synth esis. T h eoph ylline, isobutyl-
Illethylxanthine, and a d enosine inhibit DNA synthesis 
iIllmediately by a mechanism which is r eve rsible and is 
not dependent on cyclic AMP. T his inhibition is not 
associated with an incr ease in intracellular thymidine 
phosphates. Hydroxyurea, however, inhibits DNA syn-
thesis immediately and does produce an e levated pool of 
thymidine phosphates. 
Although it is well known tha t cyclic AMP elevation will 
inhibi t t he G2 phase of the cell cycle (i. e., that part of t he cell 
cycle following DNA synthesis and preced ing mitosis) [1-6] 
there is little known about t he effe ct of cAMP '<Xl other phases 
of the cell cycle [7,8]. 
S ince skin removed by a keratome will continue to Synthesize 
DNA while floating in vitro, such skin offers an opportunity to 
measure the diJ'ec t effects of agents on the "S" or D NA synthe-
s is phase of the cell cycle. Using this system we have found 
that elevating cAMP does not affect DNA synthesis directly. 
We confirmed that DNA synth esis is immedia tely inhibited by 
hydroxyurea as it is in other systems, and unexpectedly fou nd 
t hat adenosine, t heophylline, and isobutylmethylxanthine will 
a lso inhibi t this phase of the cell cycle. 
MATEHIALS AND METHODS 
Tissue 
S kin specimens were obtained from domes,tic, healthy, whi te-haired 
pigs weighing 12-18 Ib after clipping the hllir and washing the skin 
s urface. T he keratome was set a t 0.2 to 0.3 mm (Cast roveijo-Storz 
Instrument Company of S t. Louis). 
6-mm dia meter round discs were removed with a biopsy punch from 
t issue !loa ted on tissue culture medium on a smooth st.erile T e!lon 
s urface. The individual discs, were blotted, rap idly weighed a nd placed 
back in to the tissue cult.ure medium. 
Incubation 
RPMI 1640 (Gibco Biological Laboratories) t issue cul ture mediu m 
conta ining 200 uni ts of penicillin a nd streptomycin and 2.75 mg of 
fungi zone per ml of media was used for a ll experiments. T issue discs to 
be t reated differenLly were placed in individual steri le disposable Falcon 
#1007 Petri dishes measuring 60 x 15 mm (up to ten 6- mm discs). 
T ri t ia ted thymidine ( 'H-Tdr) or other chemica ls were added to medium 
in a fresh P etri dish a nd the tissue was transferred a t the appropria te 
t ime to the new dish . All tissues were incubated a t 37°C in a wa ter-
jacketed humidified incubator in the presence of 95% a ir, 5% CO2. 
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E pidermis was separa t ed from the dermis by !loating t issue upon a 
solu tion of 2 M sodiu m bromide for 2 hI' a t 37°C. T he clean nonviable 
epidermis obta ined by this technique no longer contains unincorporated 
ac id so luble "H -Tdr, ma king unnecessar.v the wash procedure to be 
described subsequently. 
For histology, routine fixation, pa ra ffin embedding, sectioning, a nd 
staining methods were used . 
A nalysis 
DNA was ex tracted from t.issue using sodium hydroxide. Individual 
t issue discs were placed in 10 x 76 mm test tubes conta ining 200 1'1 of 
0.5 N sodium hydJ'oxide, t ightly capped a nd placed in a 95° water bath 
for 30 min. At the end of incubation, a liquots of the solu t ion were 
removed for subsequent a nalysis of DNA content. by et.hidium bromide 
!luorescence and of radioactivity [9]. 
In experiments in which epidermis had been separated from de rmis 
using sodoum bromide, the ac id soluble "H-T dr pool had been removed 
by this procedure a nd DNA radioactivit y could be determined directly 
by plac ing a n a liquot of the sodium hydroxicie solu t ion in scintillation 
flui d. 
When whole skin was used the amount of "H-Tdr incorporat.ed in to 
DNA was obta ined by plac ing 25 1'1 a liquots of the sodium hydroxide 
solu t ion on 4.25 cm Whatman # I fi lte r papers. After drying, the filters 
were washed in cont inuously stirred beakers of acidified ethanol (e thy l 
alcohol:acetic ac id, 3:1, V I V) for a n init.ia l 20 min and 3 subsequent 10-
min periods. T he discs were then washed for 10 min in acetone, d ried, 
compressed in to pellets with a hand press f1l1ci complet.e ly combust-ed 
in a Packard Sample Oxidizer Mociel No. 305. (90"l~ recove ry of an 
added "H -Tdr standard) . . 
In experiments where t.he tota l up take of "H-TdJ' in to t issue was 
desired, the a mples were processed in a n identical fashion but the 
individua l specimens on fIl te r papers were not. washed. The in trace llular 
pool of thymidine phosphate was calcula teci as tota l t. issue cpm minus 
the cpm in DNA. For scin t illation coun ting t.he scin tilla tion flui d 
suggested by the ma nufacturer for use in the sa mple oxidizer was used 
(M onophase 40, Packa rd Inst.rument- Compa ny). Samples were cou nted 
in a P ackard Tricarb Liquid Scin t illation Counte r. 
CHARACT E RISTICS OF THE P IG S KIN DISC 
The his to logy of norma l pig epiderm is is s imilar to human. 
6-mm diameter (38.26 mm") discs have weights which are directly 
proportiona l to the depth of the keratome cut. (Weight (mg) = 28.26 
x Depth (mm)) . S ince the epidermis occupies less tha n the uppermost 
0.1 mm, this relationship would predict. that pure epidermis in a disc of 
6 mm in dia meter should weigh less than 3.0 mg and that 0.2 mm thick 
discs of 6 mm in diameter should weigh about 6.0 mg a nd cont ain from 
50 to 75% der mis. 
Incubation in t issue culture medium does not effect the tissue weight 
(+2.3%). Sodium bromide trea tment does give rise t.o an increase in 
weight of about 10%. 
We have measured t he weight and epiderma l DN A content a nd 
calcula ted the epidermal DNA/ mg of wet weight for a series of speci-
mens eparated from the dermis using 2 N sodium bromide. T he resul ts 
of these measurements of epidermal wet weight agree fa irly well with 
that theoretica lly expected (3.24 mg vs 3.0 mg). T he average DNA 
content is 4.48 I'g of DNA/ mg wet. weigh t or about 14 I'g/ 6 mm disc. 
The st ra tum corneum accounted for about 18 n of the weigh t. of the 
epidermis. T his was determined by ob t.a ining diffe rent ciiameters of 
skin discs (0.2 mm thick) from s t.ri pped (Scotch tape prior to removal) 
and unstripped skin and plotting epidermal DNA in Ilg/ disc against 
weight. S ince the s tratum corneum conta ins on DNA, th e cii fference in 
weight at any given value of DNA represents the weight of stratum 
corneum. 
Examination of the weights of 6- mm discs of skin vs. their DNA 
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content demonstra ted a linear increase in DNA with increasing weight 
ini tia lly bu t as the weight increased the increase in DNA content began 
to fa ll off (data no t shown) . Th is suggested that the DNA content 
(cellularity) of the dermis was not constant. Plots of separated dermis 
with derma l weight plotted against DNA content of the dermis in fJ.g/ 
mg of tissue showed a constan t amount of DNA (about 2.0 fJ.g/ mg 
tissue), with derma l weights greater than 3.0 mg (depth of cut (including 
epidermis) greater t han 0.2 mm). 
The dermis closest to the epidermis is more cellular and becomes 
increasingly cellula r as it approaches the dermal-epidermal junction. 
In fact, at that point the derma l cellularity probably matches that of 
the epidermis (4.5 ,1g DNA/ mg tissue). 
The Inco/poration or "H -Thymidine into DNA in Floating Shin 
Discs 
Total up take of :JH-Tdr by the tissue disc was followed during early 
t ime periods before much DNA synthesis could occur. The uptake of 
"H -Tdr is rapid at a rate of 500 cpm/ min / disc which is about 10 times 
faste r than the rate of DNA synthesis in these discs. The concentration 
of thymidine in the t issue exceeds the concentrat ion in the tissue 
cul ture medium within 2 min, presumably because of active concentra-
tion and meta bolism within the t issue to phosphoryla ted derivatives 
(TMP, TOP, TTP) . 
Figure 1 demonstrates an experiment carried out for 2 hr with :JH_ 
Till' continuously present in the medium. Total upta ke showed a rapid 
rise during the first 60 min and then a more gradual rise. After a 5-10 
min lag period DNA was steadi ly made at a rate of about 3500 cpm/ hr/ 
disc. The dead ti ssue contro ls accumulated thymidine rapidly and 
reached equilibrium at the medium concentra tion by 15 min. The 
" thymidine pool" in the tissue saturated at between 30 and 60 min. 
This is a considerably longer t ime period for satura t ion of the thymidine 
pool than reported for individual cells in t issue culture where saturation 
takes only a few minutes. 
La belling of the thymidine pool will lead to continued incorporation 
of thymidine into DNA for at least 3 hI' after the radioactive label 
exposure is stopped . In addition, a 10-min pulse label followed by 50 
min without label leads to incorporation of about 'I:, as much rad ioac-
tivity in the DNA as if the rad ioactive label had been maintained for 
the ent ire 60 min. The rate of la belling is unchanged over a 6- or 7-hr 
period with a 10 min pu lse labelling or with continuous labelling of 
t issue dis-cs. One can conclude from this that since DNA synthesis 
cont inues in a straight line fashion for at least 6 hr that either new cells 
are cont inuing to ente r "S" from G, of the cell cycl e or th e "S" phase 
of DNA synthesis is considerably longer than 6 hr. In addition, there is 
no evidence of DNA breakdown after la belling has been terminated for 
24 hr. (Data for all of the above not shown.) 
Also, comparab le results in "H-Till' upta ke can be obtained with 
either RPMI 1640 or MEM t issue cul ture medium and with a pH range 
from 7.1 to 7.5. Therefore thymine (present in MEM but not in RPMl) 
is not used by epidermal cells for DNA synth esis, which is similar to 
other systems [10]. 
The add ition of 10- '; M methrotrexate to the tissue culture medium 
makes the cell completely dependent upon external Tdr for continued 
DNA synthesis [1.1]. S ince this resul ts in only a 'I:. increase (data not 
shown) in "H-Tdr incorporation, th is indicates that pig epidermal cells 
obtain % of their Till' requ irements by the "sa lvage pathway" and Y:l by 
d e n.ovo synthesis. 
On the Variability rrom Specimen to Specimen 
We originally thought that variation from specimen to specimen 
could be corrected by using fairly thin specimens and plotting the data 
as cpm/ fJ.g DNA instead of cpm/ disc, but this did not help. In an 
experiment where the standard deviation of 10 discs was measured 
using discs wh ich were originally fairly close together in weight (SD = 
12% of the mean) , the DNA values were very close (6%), and the DNA 
.in fJ.g / mg of tissue was also close (14 %). However, there was a 40% SD 
in the up take per disc and this was only corrected to 35% using cpm/ 
fJ.g of DNA. 
Because it had been noted that the th icker slices of keratome skin or 
whole skin plugs consistently gave much lower counts even in the 
separated epidermis than thinner keratome sheets, it seemed advisable 
to investigate the effect of the thickness of the dermis on the cpm found 
in the epidermis. The average up take of "H-Tdr into the epidermis of 
40-6 mm whole skin plugs was 76 cpm compared to an average uptake 
of 589 cpm in to the epidermis of 12-6 mm discs cut at a depth of 0.4 
mm. This implies that the dermis does present some kind of a barrier 
to the penetration and incorporation of :)H-'I'dI' in to the overlying 
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FIG L Hela tionship between "H -Tdr incorporat ion and DNA syn-
thesis in Vitro. S ix-mm discs of skin incubated on RPMI 1640 media 
containing 1 fJ.c/m l "H -Till' (Sp Act. 6.7 c/mmole) were removed at 
various t imes and the tota l amount of :JH -Till' (e) , the "H-Tdr present 
in DNA (0) and the :JH-Tdr present in the ac id soluble thymidine pool 
(0 ) determined. The total quantity of "H-Tdr present in dead discs of 
skin was also determined (6 ). Each point is the average of duplicate 
assays of a single disc. 
epidermis. Other experiments have shown that it does not matter 
whether the total t issue is a nalyzed or whether the epidermis is ana-
lyzed independently after separation from the dermis if the tissue is 
incubated as whole tissue. When whole tissue is incubated on media 
containing "H-Till' the amount of label ul t imately found in epiderma l 
DNA will be greater with thin tissue and less wi th thick tissue. 
RESULTS 
1. On the Effect of Hydroxyurea on Epidermal 3H -Tdr 
Incorporation 
Hydroxyurea is a classical inhibitor of t h e "S" phase (DNA 
synthesis phase) of the cell cycle. HydroxYUJ'ea was used as a 
positive control in our system and produced a marked dose -
response inhibition as illustrated in Fig 2. Approximately 90% 
inhibition was obtained after an hour incubation at 10- 3 M. 
2. On the Effect of Cyclic AMP on Epidermal 3 H- Tdr 
Incorporation 
The available evidence indicated that cAMP can, if increased , 
cause a block in the cell cycle at G2• We did not expect to see 
an effect directly on DNA synthesis (12). Figure 3 illustrates 
the data from many experiments. We have made no attempt to 
differentiate between those experiments using cAMP from 
those us ing dibutyryl cAMP because the results are essentially 
the same. W e have concluded from th ese experiments that no 
consistent direct effect on DNA synthesis is seen from the 
addit ion of t h ese cyclic nucleotides at concentrations below 
10- 3 M. 
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3. On the Effect of Activators of Adenyl Cyclase on 
Epidermal DNA Synthesis 
The a bsence of a predictable inhibitory response from the 
addi t ion of cAMP or dibutyryl cAMP to the tissue culture 
medium might be due to a number of different factors besides 
the failure of these subs tances to inhibit epidermal DNA syn-
thesis. Possibly t hese substances are destroyed rapidly in the 
tissue culture medium or have fa iled to gain entry into t he 
epidermal cells. We have, therefore, studied the effects of 
adding adenosine, histamine, and epinepJu'ine to the culture 
medium. These chemicals are known to activate epidermal cell 
adeny l cyclase [13-17] and cause an immediate la rge increase 
in the intracellular cAMP concent ration. M aximum stimulation 
of adenyl cyclase occurs with 5 X 10-" M adenosine [17], 10-" M 
histamine [16], a nd 5 X 10- [' M epinephrine [13]. Figure 4 
illustrates the effect of adenosine on ;)H -Tdr incorporation into 
e pidermal DNA . Concentrations of adenosine from 10- ;) to 10- 7 
M produced no consistent response, a lthough inhibit ion occurs 
when adenosine is present in concentrations of 1O-~ or 10- ' M . 
The addition of histamine, shown in Fig 5, appears, if a nything, 
to stimulate rather than inhjbi t "H-Tdr incorporation into the 
epidermal DNA, especially with prolonged incubation. 
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FIG 2. Hydmxyurea dose response curve. The amount of :lH-Tdr 
incorporated into epidermal DNA was determined in the presence of 
hydroxyurea in the concentrations indicated. Discs of skin were incu-
bated on RPMI 1640 media containing "H-Tdr (1 ,",c/ ml , Sp Act 6.7 cl 
mmole) and hydl'oxyul'ea for 2 hr at 37° C. Epidermis was then 
sepal'ated using NaBr and the amoun t of 3H-Tdl' present in epidermal 
DNA determined. 
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FIG 3. Effect of cAMP on epidermal "H-Tdr incorporation. Six-mm 
discs of tissue were incubat,ed on RPM I 1640 medium co nt aining 
concentrations of cAMP from 10-" to 10-" M medium also contained I 
ILc / ml "H-Tdr, Sp Act 6.7 c/ mmole). Incubation was continu ed for I to 
8 hr and t,he amount of "H-Tdr incorporated into epidermal DNA 
determined and t,he resu lts obtained expressed as percent of control. 
Each bar represent,s a separate ex peri ment (5 discs) and determ inat ions 
done at the same pattern within the bar. cAMP concentrations are 
expressed as the log of the molar concentration. 
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FrG 4. Effect. of adenosine on epidermal "H-Tdr incorporation. 6-
mm discs of tissue were incubat.ed on RPMI 1640 medium containing 
concentrations of adenosine from 10- 1 M to 10- ' M (medium also 
contained "H·Tdr 1 ,",c/ ml Sp Act, 6.7 c/ mmole) . Incubation was contin-
ued for 1 to 6 hr and the result s obtained expressed as percent of 
control. (Each experiment is the average of 5 discs.) 
The r esults obtained with the third adenyl cyclase activator, 
epinephrine, are shown in Fig 6. No consistent effect was 
produced wi th 2 and 4 Ill" of incubation with the 3 lower 
concentrations of epinephrine used. Epinephl'ine at 10-:1 M 
appears to inhibit "H-Tdr il1corporation in to epidermal DNA 
at both 4 and 6 Ill". At concentrations which maximally activate 
adenyl cyclase, none of these compounds caused inhibition of 
DNA synthesis. 
4. On the E ffect of cAMP Phosphodie. terase Inhibitors 0 11 
Epiderm.al DNA Synthesis 
The lack of inhibit ion of epidermal DNA synthesis by the 
addition of cAMP a nd dibutyry l cAMP as well as low concen-
trations of adenyl cyclase activators might be expla ined by the 
rapid destruction of cAMP by the intracellulal' phosphodiester-
ase which is known to exist in epidermis and regulate the 
intracellular levels of cAMP [18]. To test this possibility, 2 
different phosphodiesterase inhibitors were added to the tissue 
cul ture .medium and the amount of "H -Tdl' incorporated into 
DNA determined . 
Figure 7 depicts the resul ts of 5 experiments in which differ-
ent concentrations of theophylline were added to the tissue 
cul tw-e medium and t he t issue incubated 1'1'0111 2 to 12 hr. These 
r esul ts ar e expressed as percent of control a nd indicate that 
theophylline by itself is inhibitory to "H-Tdl' incorporation into 
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F IG 5. Effect of histamine on epidermal "H-Tcl.r incorpora tion . Six-
mm discs of tissue were incubated on RPMI 1640 medium containing 
concentrations of histamine from 10-2 M to 10-1; M (mediu m also 
contained ·'H-Tdr 1 flc / ml , Sp Act 6.7 c/mmole). Incubation was con-
tinued for 6 hr and the resul ts obtained expressed as percent of control. 
(Each ba r is the average of 5 discs.) 
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F IG 6. Effect of epinephrine on epidermal 'lH-Tdr incorporation. 
Six-mm discs of tissue were incubated on RPMI 1640 medium contain-
ing concentrations of epinephrine from 10-" M to .10-" M (medium also 
conta ined "H-Tdr 1 flc/ ml, Sp Act 6.7 c/mmole). Incubation was con-
tinued for 6 hr and the results obtained expressed as percent of control 
(Each ba.r is the average of 5 discs. ) 
epidermal DNA in concentrations greater than 5 x 10- 3 M (Jog 
-2.3). 
Figure 8 illustra tes the effects of adding the more potent 
phosp h o di esterase inhi bitor iso buty l m eth y lxanthine 
(IBMX[19]) to our system. T his substance produces definite 
inhibition at 10-:1 a nd 10-" M by 2 hr and at a concentration as 
low as 10- " M after 4 hr. T here appears to be a definite dose-
response patte rn of inhibition of epidermal DNA synthesis 
prod uced by IBMX in these experiments. 
It is clear from the preceding that both theophylline (-5 x 
10- :1 M) and IBMX (_10- 4 M) produce direct inhibition of t he 
incorporation of thymidine into epidermal DNA. 
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5. On the Effect of Inhibitors of Cyclic AMP 
Phosphodiesterase and Activators of Adenyl Cyclase Used 
Together 
If cAMP is responsible for the decline in epidermal DNA 
synt hesis seen in the previous experiments, the e ffect sh ould be 
even more pronounced when either cAMP or an adenyl cyclase 
activator is added concomitantly with a cAMP phosphodiester-
ase inhibi tor. cAMP at 10- " M ad ded to theophylline (10- 4 M) 
produced no consistent inhibi t ion of DNA synthesis. Also, t here 
was no consistent effect with 10- " M epinephrine plus 10- 4 
t heophylline. 
In Fig 9, IBMX, th eophy lline, and adenosine have been 
added to the tissue culture media a nd the ir effect on .IH_ Tdr 
uptake determined. IBMX a nd theophylline a re both phospho-
diesterase inhibitors which a t concentrations of 10- 2 M a nd 10- 3 
M usually inhibi t 70-80%. Addition together showed no further 
inhibi t ion . If t he inhibi t ion by t hese age nts is mediated through 
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FIG 7. Effect of theophylline on epidermal "H-Tdr incorporation. 
Six-mm discs of tissue were incubated on RPMl 1640 medium contain-
ing concentrations of theophylline from 10-2 M to .10-" M (medium also 
contained "H-Tdr 1 flc/ml, SP Act 6.7 c/mmole). Incubation was 
continued for 2 to 12 hr and the results obtained expressed as percent 
of control. (Average of 5 discs per bar .) 
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FIG 8. Effect of isobutyLmethylxanthine on epidermal :lH-Tdr incor-
poration. Six-mm discs of tissue were incubated on RPM I 1640 medium 
containing concentrations of IBMX from 10- 2 M to lO- ti M (medium 
also conta ined "H-Tdr 1 flc/ml, Sp Act 6.7 c/mmole). Incubation was 
continued for 2 to 6 hr and the results obtained expressed as percent of 
control. (Average of 5 discs pel' ba.r.) 
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an intracellular elevation of cAMP, then stimulating cAMP 
formation by the addition of adenosine to IBMX should in-
crease the inhibition. It does not. T he combination of adenosine 
and theophylline should give less inhibition because, in addition 
to its action as a phosphodiesterase inhibitor, theophylline 
directly competes with the adenosine receptor in t he activation 
of adenyl cyclase [17). It actually resu lted in more inhibition. 
We conclude that these agents are acting by a mecha nism 
which is independent of cAMP formation . 
Beca use of the high concentration of substances used in these 
experiments, it is possible that they have simply killed the 
proliferating epidermal cells rather than producing a reve rsible 
inhibition of DNA synthesis. Tha t this is not the case is illus-
trated in F ig 10. In this experiment 3H-Tdr incorporation into 
epidermal DNA was determined with IBMX (10- " M) and 
adenosine (10- 1.:) M) present for the entire 24 h r in the first 
experiment. In the second experiment the e ch emicals were 
present from 0 to 2 tu when the tissue was removed to chemi-
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FIG 9. Effect of IBMX, adenosine, and theophyll ine on epidermal 
"H-Tdr incorporation. Six-mm discs of tissue were incubated on RPMI 
1640 medium containing IBMX and theophyll ine, IBMX and adeno-
sine, and the 3 substances together in the concentrations indicated 
(m edium also conta ined 3H-Tdr, J ~lc/ml , Sp Act 6.7 c/mmole) . Incu-
bation was continued for the time periods indicated. (Average of 5 discs 
for each bar.) 
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F IG 10. Reversibil ity of the effects of IBMX and adenosine on 
epidermal 3H_ TdJ' incorporation. Six-mm discs of tissue were incubated 
in RPMI 1640 medium containing IBMX 10-" M and adenosine 10- 1." M 
(medium also contained "H-Tdr I Mc/ ml, Sp Act 6.7 c/mmole) froni 0 
to 24 hI' and from 0 to 2 hr. 'The amount of "H-Tdr incorporated into 
epidermal DNA was determined at the time periods indicated. (Average 
of 5 discs per bar.) 
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FIG 11. The effects of IBMX, adenosine, and hydJ'oxyurea on the 
localization of epidermal "H-Tdr. Six-mm discs of tissue were incubated 
in RPMI 1640 medium containing inhibitory concentrations of each of 
the above chemical (medium also contained "H-TdJ· I Mc/ ml, Sp Act 
6.7 c/ mmole) and after 10, 20 and 30 min the quantit·y of label present 
in DNA and the intracellu lru' acid soluble thymidine pool determined. 
(Average of 5 discs per bar.) 
cally free m edium. It can clearly be seen that despite the fact 
that DNA synthesis in th e second experiment is immediately 
inhibited and kept so for 2 hr, the tissues had fully recovered 
by 24 lu' and, in fact, 3H -Tdr inco rporation into DNA had 
rebounded beyond control t issue by 30%. 
6. On the M echanism of Inhibition of 3H-Tdr IncO/pora/ion 
into Epidermal DNA by Adenosine, Theophylline and IBMX 
We wis hed to determine if the m echanism of inhibi t ion of 
3H-Tdr incorporation into epidermal DNA observed in the 
previously described experiments occurs by inhibi t ing uptake 
of external .IH_ Tdr into t he cell or by inhibiting a later step in 
DNA synth esis. This was accomplish ed by determining the 
Ciuanti ty of 3H -Tdr presen t in cellular DNA as compared to t he 
.IH-Tdr present in the intracellulru' acid soluble thymidine pool. 
The distribution of :lH -Tdr between pool a nd DNA was deter-
mined at 10, 20, a nd 30 min in control tissue and tissues t reated 
with IBMX, adenosine, and hydroxyu rea. H ydroxyurea is 
known to inhibit DNA synt hesis at a late stage and provides a 
posi t ive control. 
The r esul ts of this experiment ru'e illustrated in Fig 11. The 
quantity of 3H-Tdr present in DNA is markedly decreased by 
all 3 chemicals at each of the 3 t ime periods. There is a marked 
contrast between the am ount of :IH-Tdr present in th e intracel-
lular thymidine pool, however , The hydroxyurea t reated tissues 
have an increased intracellular pool whereas tissues treated 
with IBMX and adenosine have a normal or decreased in t ra-
cell ular pool which rema ins relatively static during the entire 
30-min incubation period. 
It therefore appear s t hat inhibi t ion of "H-Tdr uptake by 
tissues t reated with at least the 2 substances, IBMX and 
adenosine, is quite differen t fro m t he inhibi tion produced by 
hydroxymea. 
DISCUSSION 
A system consisting of discs of pig skin removed with a 
keratom e a nd fl oated on t issue culture medium containing "H-
Tdr to measure epidermal cell DNA synthesis has been de-
scribed. W e have shown that this skin cont inues to synthesize 
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DNA while floating in vitro and offers an opportunity to 
measure the direct effects of agents on t he "S" or DNA synthe-
sis phase of the cell cycle. 
Using this system we have found that elevating cAMP does 
not affect DNA synthesis directly. It is well documented t hat 
elevating cAMP will inhibit the G~ phase of the cell cycle and 
may possibly inhibi t the G , phase [8]. 
Immediate exposure of tissue to cyclic AMP levels between 
10- 6 M and 10-" M did not increase DNA syn t hesis in this 
floating pig skin system. In addit ion , chemicals which are known 
to e levate cAMP immediately (epinephrine, histamine, a nd 
adenosine) when added in concentrations which are known to 
produce maximal elevations of cyclic AMP had no effect on 
DNA synthesis itself. This was true even when the adenyl 
cyclase activators were added together with a phosphodiester-
ase inhibitor. We conclude that elevating the in tracellula r cyclic 
AMP level will not cause a ny inhibition of the "S" or DNA 
synthesis phase of the cell cycle. 
Al though concentrations of adenosine, theophylline and 
IBMX known to effect cAMP metabolism produced no effect, 
higher concentrations were unexpectedly found to inhibit epi-
dermal DNA synthesis. That these effects are not due to simple 
toxicity is shown in Fig 10, where in t he second experiment the 
onset of action is shown to be rapid (10 min) a nd if the material 
is washed out after a 2 h1" exposure, full recovery occurs by 24 
Ill". It should be stressed t hat in this surviving pig skin system 
tissue removed from t he animal is immediately floated on a 
tissue culture medium conta ining no serum. There is no cell 
migration a nd there is no cell proliferation so the recovery 
documented at 24 ill· is due to recovery of the cells originally in 
"S" (or in G ,). By comparing the effects of these agents to t he 
effect of hydroxyurea on 3H-Tdr uptake into epidermal cell 
DNA a nd acid soluble thymidine pools, it is suggested that the 
mechanism of inhibition of DNA synthesis differs. There is 
recent evidence that t heophylline, at least, is incorporated into 
cellular nucleic acid and its effect on nucleic acid metabolism is 
distinct .and unrelated to its action as a phosphodiesterase 
inhibitor [20]. If it can be substantiated that adenosine, theo-
phylline, and IBMX are capable of inhibiting cellular DNA 
synthesis directly and by mechanisms distinct from previously 
available therapeutic agents, they may prove to be of use 
clinically in the treatment of skin diseases characterized by 
hyperproliferation such as psoriasis. 
Epinephrine at concentrations lOa-fold greater than needed 
to maximally stimulate cyclic AMP synthesis does produce 
inhibi tion of DNA synthesis after a 4-hr lag period. The mech -
anism for t his delayed inhibi tion has not been further explored . 
CONCLUSIONS 
A. Providing skin specimens are thin enough to allow good 
diffusion of 3H _ Tdr into the epidermis (0.2-mm thick), floating 
skin pieces can be used to directly measure incorporation of :JH_ 
Tdr into DNA (DNA synthesis phase of the cell cycle). The 
parameters of this system have been outlined. 
B. Hydroxyurea inhibits DNA synthesis immediately by a 
mechanism which is probably similar to other tissues (presum-
ably deoxynucleotide reductase inhibition) a nd which results in 
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an elevated level of intracellular thymidine phosphates. 
C. Cyclic AMP and agents used at a concentration which 
elevate intracellular concentrations of cyclic AMP have no 
direct effect on the "S" phase of DNA synthesis. 
D. Theophylline, isobutylmethylxanthine, and adenosine at 
high concentration directly inhibit DNA synthesis by a mech-
anism which is not dependent on cyclic AMP and which does 
not give rise to an increase in intracellular thymidine phos-
phates. 
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